This report covers the progress made on the title project for the final project period and summarizes the completion of the grant. The study of coal chemical structure is a vital component of research efforts to develop better chemical utilization of coals, and for furthering our basic understanding of coal geochemistry. In this grant we are addressing several structural questions pertaining to coals with advances in state of the art solids NMR methods. The final activities of the grant focused on moving the analytical methods developed over the duration of the grant from the low field instrumentation used to newly acquired very high field NMR instrumentation. The project accomplishments and output are summarized.
Background
The work during the first 2 1/2 years of this project have focused on developing solids NMR as a means of non-destructively probing the organic structures present in coals and kerogens. We have specifically developed a suite of spectral editing methods which we use to acquire the spectra of carbons having differing multiplicities, i.e. we acquire spectra for the CH 3 , CH 2 , CH and non-protonated C fractions separately (subspectra). In general these methods have been quite successful at the low field strengths (100 MHz for 1 The first stages of this work involved development of a new NMR probe for CPMAS NMR of 13 C in solids at 800 MHz. This probe was completed and uses a 2.5 mm rotor with a sample capacity of only 10 mg. The small size is required to make it possible to attain the high spin rates required -in excess of 30 kHz -if spinning side bands are to be eliminated. An additional feature of this small sample size in combination with the exceptional sensitivity afforded by the high field strength is that it makes study of maceral concentrates possible with an order of magnitude less material than possible before.
A consequence of the high spin rates is a significant effect on the cross polarization (CP)
dynamics. An indication of the effect is shown in Figure 1 . These two plots compare a theoretical expectation and the experimental result for the CP efficiency as a function of the Hartmann-Hahn matching condition. At zero or low spin rates magnetization transfer from 1 H to 13 C by CP occurs most efficiently when the amplitude of the radio frequency (RF) spinlocking fields are matched.
At higher spin rates is well known that the matching condition becomes modified; the two RF field amplitudes must differ by once or twice the spin rate ω r . If a CP experiment is done using a fixed CP mixing time, the size of the signal will vary according to how well the matching conditions are met. In the upper trace the theoretical expectation for this matching curve is shown at a spin rate of ~20 kHz. There are 4 matching conditions corresponding to the 13 C RF field amplitude differing from the 1 H field by -2ω r , -ω r , ω r , or 2ω r . The width of these "resonances" in the Hartmann-Hahn matching spectrum depends upon the size of the 13 C-1 H dipolar coupling, chosen here to reflect the situation in a sample of adamantane.
The lower trace is a collection of actual 13 C spectra at this spinning rate, plotted side-byside as a function of the 13 C RF field strength. The overall pattern predicted by theory is grossly followed, but there are important differences. The approach of a resonance is sharp as expected, for instance consider the +ω r matching condition. However, as the field is increased further the size of the signal does not drop as expected, and signal is observed in between matching conditions far in excess of what is expected.
This has now been investigated at some length. One of the problems not addressed in the top theoretical trace is that the RF fields are somewhat inhomogeneous across the sample as the sample coil is a finite solenoid. In order to be able to perform our spectral editing methods at this field strength then we need to make the RF fields more symmetrical and have them centered in the coil center at both frequencies. Since the 13 C field at its 4x's lower frequency is not effected, our main concern is to re-cented the 1 H RF field. In principal this can be accomplished by adopting a balanced configuration for the 1 H circuit. The difference is shown in Figure 5a and 5b. Figure 5a shows the equivalent circuit for the 1 H channel now being used. By adopting one such as in Figure 5b the voltage rise across the coil will be kept symmetrical. Neither end is held at ground as the resonating capacitor is split in two across the coil. Figure 5c depicts a circuit which retains the balanced configuration, but also provides the possibility of double tuning the sample coil at the 13 C frequency as well. Development of a probe incorporating this new circuit is the next step to extending our previous methods to much higher field operation. instead been pursued to see whether this technique will become more useful for fossil fuel samples at high field.
The pulse sequence we have devised is shown in Figure 6 . FSLG accomplishes Extension of these methods to higher field strength operation has first been investigated at 300 MHz and most recently at 800 MHz operating frequencies for 1 H. In general the approaches developed should be amenable to higher frequency operation, however they will need to be significantly modified at the highest fields to accommodate the requirement of very fast MAS rates.
Future Plans
Our group will continue to develop these methods at high fields, but our emphasis will be shifted towards a wider range of naturally occurring organic polymers. As the nationwide interest in fossil fuels remains low, our effort will focus more on basic geochemical issues. These
